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Structures are subjected to a series of loadings throughout their design life. Wind actions and their 
resultant loadings form part of this series and they must be catered for during the erection and use of 
the structure. For many years, wind actions have been calculated by hand or using readily available 
computer programs such as Microsoft Excel to speed up the hand calculation process. It is becoming 
increasingly commonplace for engineers to utilize structural analysis software packages to help solve 
complex and time-consuming problems. This process is in part due to the numerous and sometimes 
repetitive calculations required by AS/NZS 1170.2:2011 (AS1170.2). 
No research has been identified that checks the output accuracy of structural analysis software 
packages such as SkyCiv and ClearCalcs in comparison to hand calculations for design of structures to 
AS1170.2. This begs the question, as a user of the software, how do you know the inputs and outputs 
accurate, legitimate and in accordance with the standard? 
The aims of this research project are; 
• Provide a background on the requirements of AS1170.2 
• Research structural analysis software packages that can perform wind loading calculations 
• Compare the results of hand calculations and software packages for a structure, or range of 
structures 
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The idea of this project came about from me feeling the need to; 
• Specialize in a subject of personal interest 
• Get outside my comfort zone and challenge myself 
• Give me knowledge in a field of engineering which will aid my future career 
No research has been identified that checks the output accuracy of structural analysis software 
packages such as SkyCiv and ClearCalcs in comparison to hand calculations for design of structures to 
AS1170.2. This begs the question, as a user of the software, how do you know the inputs and outputs 






1.1 Background information 
 
Wind can howl, it can sing, it can be a relief on a warm day. It can power your house or blow it away. 
The application of wind engineering to safety and cost of construction is a critical design consideration 
for the erection and stability of structures. Wind engineering is a relatively new field of science and 
can be defined as “the rational treatment of the interactions between wind in the atmospheric 
boundary layer and man and his works on the surface of the earth” (Cermak 1975). The wind is 
described as “the most destructive natural phenomenon – over 70% of damage and deaths caused by 
nature are due to the wind” (Tamura 2011). Wind is a result of solar radiation interacting with the 
Earth’s surface. Uneven heating and cooling of land and sea at both equator and poles, combined with 
the tilt and rotation of the Earth causes differences in air temperature and pressure, the result of 
which is wind. 
 
 
Figure 1 - General air circulation over Australia (BOM website 2019) 
In general, Easterly winds prevail in the tropics and at the poles, whereas westerly winds dominate in 
the temperate latitudes. 
Architects and Engineers been designing buildings which are pushing the limits of the science, 




On September the 1st, 2019, Hurricane Dorian, a category 5 hurricane struck the Abaco Islands, 
Bahamas with maximum sustained wind speeds of 295km/hr. killing 53 people, leaving 1300 people 
missing and causing US$7 billion damage (USAID website 2019). The picture below shows devastation 
that is almost beyond comprehension. This one single event will no doubt have a profound effect on 
the survivors for the rest of their lives.  
 
 
Figure 2 - Extensive damage from Hurricane Dorian, Bahamas (Aljazeera website 2019) 
 
Loss of arable land, extreme weather events bought on by climate change, standard of living pressures 
are but a few of the significant challenge’s humanity faces now and in the future. 
It is cost prohibitive, to design and build structures that can fully prevent loss of life in the face of 
extreme wind events such as that seen in the Bahamas. It is possible though, to have in place, a 
systematic and pragmatic approach for the design of structures against wind events of a more 
common occurrence, to prevent the loss of life and associated cost of damages. 
Wind loading codes have been developed worldwide and are continually updated.  Most countries 
have their own wind loading code. Many structures in Australia and New Zealand are required to 
comply with AS/NSZ 1170.2:2011 Wind actions (AS1170.2), which was first published in the form of 




Structures are subjected to a series of loadings throughout their design life. Wind loading competes 
with seismic loading as the dominant environmental loading for structures. They have produced 
roughly equal amounts of damage over a long time period, although large damaging earthquakes 
occur less often than severe windstorms. (Holmes 2015). 
Wind actions and their resultant loadings form part of this series and they must be catered for during 
the erection and use of the structure. For many years, wind actions have been calculated by hand or 
using readily available computer programs such as Microsoft Excel.  
It is becoming increasingly commonplace for engineers to utilize structural analysis software packages 
to help solve complex and time-consuming problems. This process is in part due to the numerous and 
sometimes repetitive calculations required by AS1170.2. 
Structural analysis software packages speed up the time required to design and analyze structures. 
Structural analysis software packages are also useful for modeling complex structures. No research 
has been identified that checks the output accuracy of structural analysis software packages in 

















1.2 Project aim and objectives 
 
The justification for this project became apparent after a literary review found no research that checks 
the output accuracy of structural analysis software packages in comparison to hand calculations for 
design of structures to AS1170.2 
The intention is to compare hand calculations derived from AS/NZS 1170.2:2011 ‘Wind Actions’ and 
calculation output from structural analysis software packages. 
 
The objectives of this project are to: 
• Investigate site location and structure type for analysis 
• Research hand calculation requirements of AS1170.2 for wind loading 
• Research structural analysis software packages for wind loading 
• Apply hand calculation requirements of AS1170.2 for wind loading to a structure 
• Apply structural analysis software package for wind loading to a structure 
• Compare the results of hand calculations and structural analysis software for a structure, or 
range of structures. The discrepancy for each load case may be calculated by normalizing the 
maximum values from two or more ratios calculated and given as a percentage 
• Discuss the reasons for variations and identify improvements to structural analysis software 
package/s 
• Provide conclusions 
 
1.3 Scope and limitations 
 
The following limitations have been identified: 
• The allowable input geometry, i.e. building type, shape, size and location may be 
limited by structural analysis software package input parameters 
• The scope may be too narrow and may have to be expanded to provide a suitable 









The purpose of this literature review is to construct a framework to support this project, to define and 
terminology and to identify research conducted by others which this report can build from. 
 
2.2 History of modern wind engineering 
 
I started the literature review of wind engineering as a science in the 20th Century, rather than delve 
too far back into history. 
The 20th Century increasingly saw the use of mathematics to help frame and try to understand the 
natural world. Wind is a complicated phenomenon and understanding how wind behaves involves 
statistics, meteorology, fluid mechanics, structural dynamics and even climatology.  Statistics is the 
practice or science of collecting and analyzing numerical data in large quantities, especially for the 
purpose of inferring proportions in a whole from those in a representative sample (Lexico 2020).  
Statistics is required to help try and predict how wind will behave in certain locations or regions to 
give the structural engineer, who uses their expertise in analysis and design of (nominally static) 
structures, a fighting chance to design an elegant, responsible, safe and economic solution. 
In the 1930s, Gaussian or normal distribution was used to represent extreme wind speeds and predict 
long term wind speeds, however, it did not consider taking limiting forms of the largest or smallest 
value in a fixed sample.   
In the 1950s the Gumbel distribution was promoted to represent and promote design wind speeds. 
The concept of return period also arose at this time. In the 1960s Davenport took his great leap 
forward with the use of probability and statistics, in conjunction with his wind loading chain, which is 
the basis for the approach of modern wind loads. 
In the 1970s and 1980s, wind events across the world, including the devastating Cyclone Tracy, which 
hit Darwin on 26th of December 1974, curbed enthusiasm for the use of the Gumbel distribution. This 
was due to design wind speeds being exceeded. These events highlighted: 
• Sampling errors in the recorded data base, which in many cases was below 50 years 
• The separation of data for different storm types. 
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From the 1970s onwards, the separation of data for different storm types and limit states design has 
been introduced into structural engineering practice. This structural reliability way of looking at things 
is based on probability concepts. Limit state design is used in many Australian Standards, such as wind 
loading and steel, concrete and timber design to name but a few.  
 
Figure 3 - A typical ultimate limit state design for wind loading (Holmes 2015) 
The person who many consider made significant contributions to wind engineering is the late 
Professor Alan G. Davenport (Isyumov 2012). 
Professor Davenport’s doctoral research laid the foundation of today’s wind engineering (Isyumov 
2012). His approach was to create and build on the wind loading chain concept. The idea being to 
combine key components, whose strength is determined by the weakest link. 
 
Figure 4 - Alan G. Davenport’s wind loading chain (Davenport 1961) 
Furthermore, Davenport also recognized that wind speeds are driven by weather patterns which vary 
on a macro-meteorological and micro-meteorological scales.  
The macro-meteorological scale refers to a period varying from days to hours. The peak of the power 
spectrum occurs around the 4-day mark, which aligns with the passing of a synoptic storm system.  
The micro-meteorological scale refers to a period varying from days to hours. The peak of the power 
spectrum occurs around the 1-minute mark, which aligns with the local turbulence of a storm. 
There is a distinct gap between the macro and the micro-meteorological scale, this is defined as the 




Figure 5 - Spectrum of wind speed variations within the atmospheric boundary layer  
(Van de Hoven 1957) 
Davenports great leap forward was to hypothesize that the estimation of wind loading and responses 
on structures is best made by ‘describing wind as a locally stationary random process within a mean 
speed determined by observations made with an averaging time of 10-minutes to 1-hour and a surface 
drag generated superimposed turbulence’ (Isyumov 2012).  
The format of the wind loading chain and this process for describing wind within the spectral gap is 
used as a basis for most wind action standards and codes across the world.  
The establishment of appropriate design wind speeds is a critical first step towards the calculation of 
design wind loads for structures. It is also usually the most uncertain part of the design process for 
wind loads and requires the statistical analysis of historical data on recorded wind speeds. (Holmes 
2015). 
 
2.2 A brief outline for the prediction of design wind speeds 
 
Extreme value analysis is used for many different engineering applications, such as wind speeds, flood 
heights and earthquake accelerations. Three asymptotic extreme value distributions are used because 
they considered the correct distributions for largest of an infinite population of independent random 
variables. They are: 
• Gumbel distribution 
• Fréchet distribution 
• Weibull distribution 
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Generalized Extreme Value (GEV) analysis combines the three asymptotic extreme value distributions 
into a single mathematical formula. GEV analysis was touched on in USQ course ENV3105 – Hydrology 
module 3 for flood frequency analysis. It was outlined via the tale of a patient hydrologist the 
importance of understanding uncertainty in estimation of flood design discharges. There are close 
parallels with design wind speed calculations. 
 
 
Figure 6 - Generalized Extreme Value (GEV) distribution formula (Holmes 2015) 
 
The return period is the inverse of the applicable cumulative distribution of the extremes. For 
example, a 50-year return period wind speed had a probability of exceedance of 0.02 (1/50) in any 1 
year. It is not something that will recur every 50 years.  
The Australian Rainfall and Runoff Guide 2016 has replaced the term Average Recurrence Interval 
(ARI) with the term Average Exceedance Probability (AEP) to avoid confusion. 
Different storm types will have different probability distributions; therefore, they should be analyzed 
separately, however this is usually not possible due to the necessary information not being recorded 
by meteorological bureaus. It is possible to form a combined return period relationship for wind 
speeds of differing storm types. 
Severe winds may originate from convective effects (thunderstorms), or from the uplift of air masses 
produced by mountains (downslope winds). Tropical cyclones, known in some parts of the world as 
hurricanes and or typhoons, generate strong winds over some parts of the tropical oceans and coastal 





Figure 7 - The generation of turbulence in (a) boundary-layer winds and, (b) thunderstorm 
downdrafts (Holmes 2015) 
In general, synoptic systems, which are large storms such as gales or tropical cyclones, lasting for on 
average 4 days create what is known as boundary layer type winds, as shown in part (a) of Figure 2. 
The turbulence experienced in a synoptic system is generated by frictional interaction with the ground. 
The boundary layer is an important concept in fluid mechanics and for the calculation of wind design 
speeds. The ‘boundary layer in fluid mechanics, thin layer of a flowing gas or liquid in contact with a 
surface such as that of an airplane wing or of the inside of a pipe. The fluid in the boundary layer is 
subjected to shearing forces. A range of velocities exists across the boundary layer from maximum to 
zero, provided the fluid is in contact with the surface. Boundary layers are thinner at the leading edge 
of an aircraft wing and thicker toward the trailing edge. The flow in such boundary layers is 
generally laminar at the leading or upstream portion and turbulent in the trailing or downstream 
portion’ (Encyclopedia Britannica website 2020). 
Thunderstorm downdrafts tend to occur over a shorter period of time, anywhere between 10 minutes 
and 10 seconds, which aligns with the local turbulence of a storm. The turbulence experienced in a 
thunderstorm is generated by the shearing action between air moving in opposite directions at the 




It is again noted that there are limited record lengths available, so it is common to combine records 
from several weather recording stations which are perceived to have similar wind climates to increase 
the record lengths and reduce sampling errors. 
Corrections may also be made for gust duration. This is due to the meteorological bureaus using 
different recording equipment, the most common averaging time is 10 mins. Wind direction 
multipliers may also be applied depending on the dominant direction for strong winds. If the height 
of the anemometer is 10m, which is the standard height for observation, no corrections for height or 
terrain will be necessary. Note in the figure below, the change in mean wind speed at 500 feet 
(152.4m) varies from 61 feet/second (66.9km/hr.) at a heavily urbanized location to 91 feet/second 
(100km/hr.) at an open location with no buildings or hills etc. 
 
 
Figure 8 - Davenports power law profiles of the mean wind speed over different terrains  
(Wieringa 2011) 
Once the above parameters have been inputted, the next step is to fit the recorded annual maxima to 
the GEV distribution. Three commonly used methods are: 
• Gumbel’s method 
• Gringortern’s method 





Figure 9 - An example of fitting a Gumbel distribution to 47 years of recorded annual maxima 
(Holmes 2015) 
From figure 7 and using the Generalized Extreme Value (GEV) distribution formula, the prediction of 
extreme wind speeds for selected return periods can calculated, noting the return period is the inverse 
of the complementary cumulative distribution of the extremes. 
 
 
Figure 10 - Return period formula (Holmes 2015) 
 
In summary, a brief outline of predicted wind speeds has been given. Field measurements and 
observations are required, along with a standardized system of data collection. It is necessary to 
understand the difference between macro and the micro-meteorological scale weather patterns. By 
then using statistical analysis it is possible to fit and extrapolate the data to try and predict expected 
design wind speeds for certain return periods. There is a certain amount of uncertainty in this process, 








2.3 Comparison of AS1170.2 and field testing to estimate wind pressures on 
structures 
 
Ginger J, Letchford C, 1999, ‘Net pressures on a low-rise full-scale building’ demonstrated how 
researchers can test full a full-scale model, analyze and compare the results to the expected outcomes 
based on the AS/NSS 1170.2:1989 standard.  They collected and analyzed data from the Wind 
Engineering Research Field Laboratory (WERFL) low rise test building at Texas Tech university. They 
then compared measured data against the Australian wind code AS1170.2, albeit the 1989 
amendment. Their results were well correlated (within 7%) and the format and approach taken will 
give good guidance for this research. 
The WERFL test building is a full-scale low-rise test building that was constructed in Lubbock, Texas on 
the campus of Texas Tech university in 1989. The building is used to validate wind tunnel testing and 
computational fluid dynamic results. Adjacent and upwind to the building is a 160ft meteorological 
tower, with instrumentation (anemometers) placed at 5 heights (8ft, 13ft, 33ft, 70ft and 160ft). This 
enables the approaching wind to well defined. Reference static pressure is provided by an 
underground box, 23m away (Levitan 1992). Pressures are measured using transducers mounted close 
to pressure tapings located on the roof and walls. 
The building has the unique capability of being mounted on a turntable, thus enabling control of the 
building orientation relative to the mean wind direction. Pressures were measured with high response 
pressure (Levitan 1992). 
The WERFL test building is 4m high with plan dimensions of 13.7m x 9.1m. Investigation into the 
location and type of structure to be modelled will be undertaken in the methodology section of this 
report. Due to the significance of WERFL test building, which has produced a large amount of wind 




Figure 11 - Texas Tech University Wind Engineering Research Field Laboratory (WERFL) low rise test 
building (Holmes 2015) 
 
2.4 Comparison of standards EN1991-1-4 (Eurocode) and NV65 to estimate forces 
on structural members 
 
Taktak W, Dauod D, 2018, ‘Effect of steel hangar height on its members internal forces due to wind 
loads: comparison between standards EN191-4 and NV65’ compared the two wind code standards 
that estimate the wind loads on a steel structure. The format and approach taken will give guidance 
for this research with the exception one source of calculations will be generated by structural analysis 
software package/s. The study approach included determining general assumptions, the calculation 
of wind pressures using the abovementioned standards and demonstrating, via envelope diagrams 
the differences in calculated wind pressures, which in turn alter the internal forces within the 
structural elements. 
In order to make a comparison between the two standards, the deviation Δ was defined as follows: 
 





It is expected this comparison technique will be used a basis for the comparison of ‘AS/NZS 
1170.2:2011 Wind Actions’ and structural analysis software packages for design of structures. 
 
2.4 AS/NZS 1170.2:2011 ‘Wind actions’ 
 
The current publication of AS1170.2 is the Second edition 2011 incorporating Amendment Nos 1, 2 
and 3.  The Standard sets out procedures for determining wind speeds and resulting wind actions to 
be used in the structural design of structures subjected to wind actions other than those caused by 
tornadoes. The Standard covers structures with the following criteria: 
• Buildings less than or equal to 200m high 
• Structures with maximum unsupported roof spans of less than 100m 
• Structures other than offshore structures, bridges and transmission towers. 
Furthermore, the Standard states the following qualifications for use: 
1. It is a stand-alone document for structures within the above criteria. It may be used, in general 
for all structures but other information may be necessary. 
2. Where structures have natural frequencies less than 1 Hz, Section 6 requires dynamic analysis 
to be carried out. 
3. Further advice, which may include wind-tunnel testing, should be sought for geometries not 
covered by AS1170.2, such as unusual roof geometries or support systems. 
 
A complete and detailed review of AS1170.2 will occur in the methodology section of this report which 
will include a typical calculation procedure and qualify any assumptions or exclusions. AS1170.2 will 
be used as the reference guide for this project and is the Australian Standards which forms the basis 








2.4 AS4055:2012 ‘Wind loads for housing’ 
 
AS4055 was reviewed for potential use as either a comparison tool or guideline / reference point, even 
though the aim of the project is to use AS1170.2 as the comparison standard. The following is not a 
full and comprehensive list of the differences between the codes 
The following restrictions were noted: 
• AS4055 is intended for residential houses only, with geometry restrictions and for Class 1 and 
10 building according to the National Construction Code (NCC). 
o Width of building not to exceed 16.0m and the length not to exceed 5 times the width 
o Roof pitch not to exceed 35 degrees 
 
• AS4055 makes the following simplifying assumptions: 
o Wind classifications N1 to N6 and C1 to C4 combine topographic and regional factors 
o Average roof height of 6.5m 
o 5% is added for conservatism 
o Fewer zones are given for pressure coefficients 
The following differences were noted with regard to wind speeds: 
• AS4055 combines topographic, shielding and terrain categories within one table to give a wind 
classification, which in turn is given a design wind speed 
 




• AS1170.2 considers eight directions independently 
• AS1170.2 has similar wind regions, but allows for additional probability of exceedance factor 
• AS1170.2 topographic and shielding factors are calculated by formula 
• AS1170.2 design wind speeds are calculated separately for both ultimate and serviceability 
state conditions 
 
2.5 Structural analysis software packages 
 
SkyCiv is an online cloud based structural analysis software package. The company and the product, 
both of the same name, was founded in 2014 by Paul Comino and Sam Carigliano.  
SkyCiv has eight (8) analysis tools which include: Structural 3D, beam solver, section builder, truss and 
frame solver, member designer, connection designer, wind load calculator and concrete designer. 
Traditional structural analysis software packages can be limited in the tools they provide and the 
applicable international standards the customer can design to. SkyCiv is fully integrated with local 
design standards including AISC, ACI, ASCE, NDS Eurocode, Australian Standards and CSA. 
For this research project I will be assessing the wind load calculator of SkyCiv using a student licence. 
The cost of the student license SkyCiv software package is $10 AUD / month. 
The SkyCiv website states the following features for the wind loading software: 
Step 1: Get your design wind speeds 
• Simply enter in the location, postcode or latitude / longitude of your project 
• Instant wind speed result based on AS1170.2 
• Simple options for importance levels, risk categories and more 
• Cling and drag pin to calculate wind speeds quickly 
• Auto calculation of terrain data, including topography factors 
• Clear elevation profile graphics to show site terrain 
Step 2: Get calculated wind pressure as per AS1170.2 requirements 
Once the wind speed has been calculated (or manually entered by the user) you can then proceed to 
enter in the building information such as the type of structure and relevant structure parameters to 




• Full calculation and report for design pressures and elevations on walls and roof 
• Windward, leeward, side wall and roof pressures 
• Calculation of pressure for roof and wall components and cladding 
Ideally, steps 1 and 2 will coincide with the hand calculation output performed using AS1170.2 and 
the  software so the results can be analysed and comparisons documented. 
 
ETABS is a software package for the structural analysis and design of buildings. The software is 
developed and licenced by Computers and Structures Incorporated. The ETABS website states that the 
software will automatically generate and apply wind loads based on various domestic and 
international codes, including AS1170.2. 
ETBAS appears to be a high end and complex software package for structural analysis and design. It is 
intended to use the ETABS software as a benchmark to compare and cross check the output from 
SkyCiv.  For this research project I will be building a simple, pre-defined model using ETABS and using 
the automatic wind loading generation tool. 
Computers and Structures Incorporated has provided a student licence, free of charge, for a period of 
one year to undertake this project. 
During the literature review process, ClearCalcs, an online cloud based structural analysis software 
package was discovered. After review and testing, it was decided ClearCalcs will be used as another 
comparison tool in lieu of ETABS. ClearCalcs is very similar in format to SkyCiv yet offers more 
functionality and options for input parameters than both SkyCiv and ETABS, such as: 
• Ability to orientate front of building with compass orientation 
• Visual indicator of site and design wind speed for eight cardinal directions 
• AS4055 wind class equivalent 
• Shielding parameter input 








3 Research Design and Methodology 
 
The methodology is generally sequential in its application, there are steps which may require decision 
making, as defined in the abbreviated methodology flow chart shown below. 
 
 





3.1 Site location for analysis investigation 
 
A suitable site location, which is capable of being defined and geo-located by AS1170.2, SkyCiv and 
ClearCalcs is critical to ensure the results are not skewed or biased. The site location should also 
conform to any design criteria set out in AS1170.2. The site shall not be located where determinization 
of wind actions is un-necessarily complex or challenging. The sites shall all be within Australia and 
identifiable on Figure 3.1(A) of AS1170.2. The site should not be unambiguous or need interpolation 
between different wind regions. 
 
Figure 14 - Wind Regions Map (AS4055-2012) 
 
Ideally, there will be more than one site location. The reasons for doing so are as follows: 
• To allow the writer of this report to learn about different wind regions across Australia 
• Additional site locations introduce ability to calculate and compare more differences, for 
example regional wind speeds vary depending on the region the site is located, which in turn 
will provide different pressures. 
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As a starting point, three site locations will be selected. Two of the sites are known to the author, 
having been to the approximate site locations within the previous 18 months. This gives the author a 
sense of confidence and familiarity with the site location. The third is not known to the author and 
has been chosen at random. Both google maps and google earth pro were used to view the site 
location and to access latitude and longitude data and other pertinent information. Google earth pro 
allows the option to show an elevation profile for a site. This tool places a rectangle around the site, 
for which distance, elevation and slope can be shown. This tool will help partly automate the 
calculation of the topographic / hill shape multiplier. 
 
Figure 15 - Google Earth Pro showing elevation data capture 
Site location 1:  
Street Address:   379 Macquarie Street, Dubbo, NSW, 2830 
Co-ordinates:  Latitude 32° 16’ 07.48” S | Longitude 148° 36’ 13.73” E 
Elevation:  261m AHD 
Description:  Residential area with the Western side bordering the Macquarie River. 
Western side is also on the outer fringe of an urban area. Flat to slightly undulating country, falling 





Site location 2: 
Street Address:   10 Lakeside Drive, Peregian Springs, QLD, 4573 
Co-ordinates:  Latitude 26° 29’ 44.56” S | Longitude 153° 04’ 07.68” E 
Elevation:  21m AHD 
Description:  Residential area with the Northern side bordering a golf course. Flat to 
undulating country, falling towards a nearby lake. Previous land use unknown, assumed to be natural 
bushland prior to development, approximately 2.7km from ocean (Coral Sea). 
 
Site location 3: 
Street Address:   2 Goode Street, Port Hedland, WA, 3721 
Co-ordinates:  Latitude 20° 18’ 02.45” S | Longitude 118° 38’ 18.06” E 
Elevation:  13m AHD 
Description:  Residential area with the Northern side bordering the Indian Ocean. Flat to 
slightly undulating country, falling towards Indian Ocean. The Eastern side is bound by a sand dune, 
which also opens to the ocean. Previous land use unknown, assumed to be natural bushland prior to 
development, approximately 240m from ocean. 
It is hoped the three selected sites vary enough to allow suitable comparison with regard to hand 












3.2 Structure type for analysis investigation 
 
A suitable structure type, which is capable of being modelled and assessed to AS1170.2, SkyCiv and 
ClearCalcs is critical to ensure the results are not skewed or biased. The structure shall not be un-
necessarily complex or challenging to draw or model. 
The literature review of Ginger J, Letchford C, 1999, ‘Net pressures on a low-rise full-scale building’ 
demonstrated how researchers can test full a full-scale model, analyze and compare the results to the 
expected outcomes based on the AS/NSS 1170.2:1989 standard.  They collected and analyzed data 
from the Wind Engineering Research Field Laboratory (WERFL) low rise test building at Texas Tech 
university. The WERFL test building is a full-scale low-rise test building that was constructed in 
Lubbock, Texas on the campus of Texas Tech university in 1989. The building is used to validate wind 
tunnel testing and computational fluid dynamic results 
The WERFL test building is 4m high with plan dimensions of 13.7m x 9.1m. A preliminary check has 
confirmed the building geometry will suitable for use with both SkyCiv and ClearCalcs. 
The building will be modelled following wall condition configurations: 
• All surfaces are permeable (allows for windborne debris in cyclonic areas) 
Furthermore, the ratio of openings on one surface to the sum of the total open area of other wall and 
roof surfaces will be set to 0.5 in all design cases. 
The roof pitch angle will be set at 5°. The reason for this is as follow: 
• The minimum recommended roof pitch for ‘Colourbond Custom-Orb’ steel roof sheeting, 
which is a very common roof and wall cladding material is 5°. 
• Most tables in AS1170.2 for the calculation of pressure coefficients are separated, with 
greater than, or less than 10°, being the most common discernable difference. This should 








L = 9.1m 
B = 13.7m 
h = 4m 













3.2 Hand calculation requirements of AS1170.2 for wind loading 
 
A review of AS1170.2 was required to chart and record the best calculation procedure for this project. 
Upon review it is unlikely dynamic response factor procedures will be used to determine wind actions. 
To ensure compliance and consistency in the application of AS1170.2 to calculations, and for 
simplicity, the following limitations will apply to this research project. 
1. AS1170.2 will be used for guidance for calculating wind pressures on the structure/s. 
2. It will be assumed the structure/s have a natural frequency greater than 1 Hz and no dynamic 
analysis is required. 
3. Wind tunnel testing, unusual roof geometries or support systems or the like will not be 
selected for the structure. 
Calculation procedure: 
The procedure for determining wind actions on structures and or building is as follows: 
a) Determine site wind speeds 
b) Determine design wind speed from the site wind speeds 
c) Determine design wind pressures and distributed forces 
d) Calculate wind actions 
Only parts a) to c) are required to complete the comparison as set out in the aims of this project. 
Reference height: 
Calculation may be based on either: 
• h = the average roof height or  
• z = the reference height 
 
The difference being, in one to two storey structures, it is generally acceptable to calculate z = h, 
whereas in larger structures, windward wall loads are calculated at every floor (z) individually. 
For this project, structure type 1 will have z = h = 4m. 





3.3 Structural analysis software packages for wind loading 
 
SkyCiv has been chosen as the structural analysis software packages to be used for comparison with 
hand calculations derived from AS/NZS 1170.2:2011 ‘Wind Actions’. 
SkyCiv can either be downloaded and used as a desktop application which saves data to a cloud-
based location or accessed on-line using most internet browsers. For this project SkyCiv was 
accessed online using Google chrome at https://skyciv.com/. The desktop application was reviewed 
and appeared to be unstable when the project address is entered. 
 The wind load generator is accessed from the dashboard via the launch button. Once launched, the 
program asks the designer to select a design code, for which AS/NZS 1170.2 is selected. 
The next step, although not mandatory is to enter the project details, such as name, designer, 
project id etc. This information will be completed for all three site locations and to allow easy 
retrieval of data. 
 
Figure 17 - Project details (SkyCiv) 
 
Once the project details are completed, the file can be saved, and the site data tab selected. The 
review of AS1170.2 was completed first and for good measure. The initial parameters SkyCiv requires 
to calculate basic wind speed include; the average recurrence interval, design working life and 
importance levels. Without a detailed review and understanding of AS1170.2 it would be both time 





Figure 18 - Site data (SkyCiv) 
The next step is to input the site address, once an address is confirmed, an interactive map displays 
the location of the site using google maps. A pop-out window displays elevation, wind speed and 
distance from the Australian coastline in km. Basis wind speed data is also displayed in an adjacent 
dialog box. All site locations have been checked to ensure a comparison is with AS1170.2 hand 
calculations are permissible. 
 
 





Figure 20 - Site mapping data (SkyCiv) 
 
The next step is to apply terrain data to the calculated site wind speed and a timely reminder of 
process required to calculate wind actions to AS1170.2.  
Site wind speed (Vsit, β), which allows for the eight cardinal directions (β) at a reference height (z) 
above the ground and includes topographic and geographic considerations is calculated and then 
converted into a design wind speed (Vdes, ϴ), which is based on building orientation.  
The design wind speed is taken as the maximum cardinal direction site wind speed (Vsit, β) 
interpolated between cardinal points within a section +/- 45° to the face of the building. From the 
eight site wind speeds, four design wind speeds are calculated. 
It is not clear if wind directional multipliers (Md) are allowed for in the calculation output. This may 
be pre-set into the calculation as the region has been previously nominated and the wind direction 
multiplier is dependent on the cardinal direction. Further investigation will be required. 
A common practice in industry, and a conservative approach is to design a structure using the design 
wind speed and terrain multipliers for the worst direction. 
The terrain data dialogue box allows for the selection of eight cardinal directions and the designer is 
prompted to input only the terrain category with regard to the terrain / height multiplier (Mz, cat). It 
is noted building geometry data input is possible at a later time step, where this may be factored into 






Figure 21 - Terrain data (SkyCiv) 
 
No options / input dialogue box is present for the shielding multiplier (Ms), and therefore, it is 
assumed no such option exists. This can be validated by a comparison of predetermined parameters 
and further investigation will be required. 
The topographic multiplier (Mt) (which is equal to the hill-shape multiplier (Mh)) for the three 
locations nominated in this proposal, is automatically generated from terrain data using elevation 
charts for all cardinal directions. All the parameters per clause 4.4.2 of AS1170.2 are accounted for 
except the reference height of the structure (z). It is noted building geometry data input is possible at 
a later time step, where this may be factored into the calculation of the topographic multiplier (Mt). 
If the wind direction is changed, the software allows for the change in terrain data and automatically 
re-calculates Mt. 
 




Figure 23 - Terrain data elevation example - Eastern wind direction (SkyCiv) 
 
At this stage, an option is to generate a site data report, which is downloadable as a PDF document. 
The report outlines the most important parameters defined previously, such as: 
• Average recurrence interval 
• Site wind speed 
• Site Location 
• Site elevation 
• Wind region 
• Terrain Category 
• Topographic and terrain data 
The report also has a disclaimer, ‘Wind speed values are obtained from wind speed maps indicated on 
the reference code. Results from this tool may be conservative than the values indicated in the 
reference. Moreover, distance of the site location is also computed as reference in adopting the wind 
region. The discrepancy from the code is subject to the discretion of the user’ (SkyCiv). 
A site data report can be generated for each cardinal direction, ready for conversion to design wind 





The next step is to input the building / structure data. The first parameter to be defined is the type of 
structure, options include: 
• AS1170.2 – Buildings 
• AS1170.2 – Free roof 
• AS1170.2 – Components and cladding 
For all three site locations, the structure type will be buildings only. Once the structure type is selected 
the structure parameters require input, as shown below. 
 





The building geometry input is relatively straight forward. Building parameters such as wall conditions, 
action combination case and ratio of dominant opening require the designer to have a good level of 
understanding of part 5.3 AS1170.2. An option exists to input the floor level and elevation of the 
proposed structure as shown below. On inspection, this is for the building elevation and not the A.H.D 
elevation data taken from previously computed site data. 
 
 
Figure 25 - Structure parameters (SkyCiv) 
The next step is to save the design if required and click the generate wind load button. This populates 
the results tab, which provides pressures for all the windward, leeward, side walls and the roof for 
two building orthogonal axes.  
Rather than providing the combined internal and external pressures acting simultaneously on a 
surface to give the net pressure, the results show both minimum (Pmin) and the maximum (Pmax) 








Figure 26 - Results table (SkyCiv) 
 
Once the results are reviewed, the only thing left to do is place the relevant pressures in a suitable 







During the literature review process, ClearCalcs, an online cloud based structural analysis software 
package was discovered. After review and testing, it was decided ClearCalcs will be used as another 
comparison tool in lieu of ETABS. ClearCalcs is very similar in format to SkyCiv yet offers more 
functionality and options for input parameters than both SkyCiv and ETABS, such as: 
• Ability to orientate front of building with compass orientation 
• Visual indicator of site and design wind speed for eight cardinal directions 
• AS4055 wind class equivalent 
• Shielding parameter input 
• Intermediate terrain category properties 
A full and comprehensive outline of the calculation procedure has not been provided for the 
ClearCalcs software for the following reason: 
• It has been provided for SkyCiv 
• The SkyCiv procedure is similar, expect for the above additional input parameters as noted 
above. 
 
3.4 AS4055:2012 Wind loads for housing 
 
AS4055:2012 Wind loads for housing was recognised during the literature review as a potential 
standard to use a cross reference check (sanity check) for this project. Its relevance is due to the 
residential size of structure type 1 used for modelling, and the location of all site locations being in 
residential areas. The focus of this project is on AS/NZS1170.2:2011 and this is duly noted, yet 
AS4055:2012 Table 3.3 provides ultimate strength pressures for a variety of wind classifications, for 
which ClearCalcs provides an automatic equivalent rating. This equivalent rating cannot be verified 
for accuracy, and it is left to the reader to review the summated results table to make their own 
conclusions. 
In the consulting sphere, this table is a bit of cheat sheet as such, a guide to the engineer if they are 
on the right track. It is noted, due to industry experience, AS4055 is considered a conservative 





















4 Results and Discussion 
 
4.1 Hand calculation requirements of AS1170.2 for wind loading to a structure. 
 
A full set of hand calculations has been generated for the above criteria, refer to Appendix 6.4. 
4.2 Structural analysis software package for wind loading to a structure 
 
A full set of structural analysis software package calculation outputs has been be generated for the 




The discrepancy for each wind calculation method may be determined by normalizing the maximum 
values from two or more ratios calculated and given as a percentage using the following formula: 
X normalized = ((X – X minimum) / (X maximum – X minimum)) * 100 
 
Figure 28 - Summary output of results and comparison table 
 
The table given above has been provided to allow the reader to readily assess both the results of the 
comparison and the difference between the calculation methods. Please refer to section 4.3 for 
further perusal and discussions. 
 
Site Location Surface Max Wind Pressure (Pa) Difference Difference Difference 
Dubbo SkyCiv ClearCalcs Hand Calcs AS4055 (SkyCiv) % (ClearCalcs) % (AS4055) %
Windward Wall 484 430 432 620 12 0 30
Leeward Wall 242 302 302 -20 0
Side Wall 315 399 410 -23 -3
Roof 435 553 518 690 -16 7 25
Peregian Springs SkyCiv ClearCalcs Hand Calcs AS4055 (SkyCiv) % (ClearCalcs) % (AS4055) %
Windward Wall 970 804 968 1105 0 -17 12
Leeward Wall 485 673 677 -28 -1
Side Wall 630 746 919 -31 -19
Roof 873 1030 1162 1220 -25 -11 5
Port Hedland SkyCiv ClearCalcs Hand Calcs AS4055 (SkyCiv) % (ClearCalcs) % (AS4055) %
Windward Wall 2870 2370 3407 3940 -16 -30 14
Leeward Wall 1435 1700 2650 -46 -36
Side Wall 1866 2210 3217 -42 -31





4.4.2 Limitations of the structure 
 
AS1170.2 covers a wide range of structures that fall into residential, commercial, or industrial use in 
nature, it also covers structures within the following criteria: 
• Building less than or equal to 200m high 
• Structures with maximum unsupported roof spans less than 100m 
• Structures other than offshore structures, bridges, and transmission towers 
When it comes to structures outside the scope of AS1170.2, specialist advice should be sought, 
which may include CFD modeling or wind tunnel testing. Further research, building on this thesis , 
with  regard to alternate structure types will help better understand the differences in calculation 
methods described. 
 
4.4.3 Is there a quick, simple way to verify the results, in practice? 
 
Essentially, 4 different sources have been consulted for the calculation of an ultimate design wind 
pressure on a surface normal to the wind. 
 
Figure 31 – Port Hedland Windward wall results comparison table 
 
Taking Port Hedland as an example, both SkyCiv and ClearCalcs underestimated, whereas AS4055 
overestimated the wind pressure. 
What to think of these results, what to believe? 
Why not do a simple calculation, a ‘sanity check’ to quickly gauge the situation. A quick look at table 
3.1 regional wind speeds of AS/NZS 1170.2:2011 tells me Vr = 80m/s. 
Knowing design wind pressure (p) follows the below formula  
 
and simplifying, my quick calculation is p = 0.5 x 1.2 x 80² x 1 x 1 = 3,840kPa. 
Knowing , with experience and a quick review of the site, there will be a few factors that reduce the 
wind speed and a few that increase it, I would cancel them out and, taking a conservative approach 
happily use this figure for my ‘sanity check’. Using the quick method, I am within 13% of the hand 
calculation and, it has given me reason to review the software package output. In fact, in practice, I 
would disregard the software package results, they are underestimating the wind pressure, on 
average by 23%. 
Port Hedland SkyCiv ClearCalcs Hand Calcs AS4055 (SkyCiv) % (ClearCalcs) % (AS4055) %




SkyCiv was noted to be, on average, less accurate in all site locations when compared to ClearCalcs, 
and for Region D, was noted to be, on average less accurate then AS4055. The following input 
parameters could not be verified:  
• It is not clear if wind directional multipliers (Md) are allowed for in the calculation output 
• It is noted building geometry data input is possible at a later step in the process, where this 
may be factored into the calculation of site wind speed. 
• No options / input dialogue box is present for the shielding multiplier (Ms), and therefore, it 
is assumed no such option exists. 
 
4.4.6 Additional factors to consider 
 
SkyCiv has two (2) configurations, you can access the program via a web browser or, download a 
program which runs using off a PC desktop, both configurations require an internet connection. 
It was noted during use the desktop edition had glitches / errors. For example, when a previously 
saved project is opened certain parameters would be missing and need to be reloaded, most 
frequently this included terrain category data, project address and locality.  
During the course of the project, SkyCiv was updated. As part of this update, functionality, in the 
form of the ability to print results was taken away from the user. The user could pay more money to 
have this ability reinstated. It is noted SkyCiv is in BETA testing development stage. 
 
During the literature review process, ClearCalcs, an online cloud based structural analysis software 
package was discovered. After review and testing, it was decided ClearCalcs will be used as another 
comparison tool in lieu of ETABS. ClearCalcs is very similar in format to SkyCiv yet offered more 
functionality and options for input parameters than both SkyCiv and ETABS. There will always be a 








4.4.7 Recommendations to improve structural analysis software package/s 
 
Recommendations to improve SkyCiv include: 
• Ability to orientate front of building with compass orientation 
• Visual indicator of site and design wind speed for eight cardinal directions 
• AS4055 wind class equivalent 
• Shielding parameter input (Ms) 
• Design frictional drag wind pressure 
• List or explanation of assumptions  
 
Recommendations to improve ClearCalcs include: 
• Concise table of results for minimum and maximum wind pressure 
• Ability to change multiple parameters, such as combination factors (Kc,e and Kc,i), by 
selecting all 
• Ability to use mapping software to automatically input hill shape multiplier (Mh) 
 
Recommendations to improve both software packages include: 
• Ability to input non-rectangular buildings 
• Ability to input local pressure factors (Kl) 
• Ability to input reduction factors (Kr & Kp) 






















Engineers utilizing structural analysis software packages to help solve potentially time-consuming 
problems, such as the calculation of design wind pressures on structures, should have a good working 
knowledge of AS/NZS 1170.2:2011 before they commit to applying the output in design. 
A simplified calculation of design wind pressure or a cross check with the ultimate and or serviceability 
design tables in AS4055:2012 will, in most cases, give a good indication on the accuracy of structural 
analysis software package results, and most likely give a more conservative design wind pressure. 
The structural analysis software packages tested consistently underestimated design wind pressures 
when compared to the hand calculations. It is likely, due to the commercial availability of these 
software packages, structures have been designed and constructed, which do not comply with the 
minimum requirements of AS/NZS 1170.2:2011 and thus, may fail prematurely in a significant wind 
event. 
The structural analysis software packages tested are still in their infancy, and will no doubt have the 
ability to solve more complex geometry and give more coherent, accurate output in the next few 
years. 
An improvement to better this research and understand the observed difference in calculation 
outputs would be to benchmark the structural analysis. It was seen that the Region D structure had 
the maximum variability, thus could be chosen for benchmarking. 
If an individual or company was to ask for recommendation of which software to use based on the 












6 Appendices  





























ENG4111 Research Project Part 1 and ENG4112 Research Project Part 2 
Project Specification 
For:  Rawdon Michael Stanford 
Title: A comparison of ‘AS/NZS 1170.2:2011 Wind Actions’ and structural analysis software 
packages for design of structures 
Major: Civil Engineering (Hons) 
Supervisor: Dr. Sourish Banerjee 
Enrolment: ENG4111, S1-2020 External 
 ENG4112, S2-2020 External 
Project Aims:  
• To provide a background on the requirements of AS1170.2 
• Research structural analysis software packages that can perform wind loading calculations 
• Compare the results of hand calculations and software packages for a structure, or range of 
structures  
• Discuss the reasons for variations and identify improvements to software packages 
Program: Version 2,  March 2020 
1. Research background information relating to modern wind engineering 
2. Investigate site location and structure type for analysis 
3. Research hand calculation requirements of AS1170.2 and structural analysis software 
packages for wind loading 
4. Apply hand calculation requirements of AS1170.2 and structural analysis software package for 
wind loading to a structure  
5. Compare the results of hand calculations and structural analysis software for a structure, or 
range of structures.  
6. Discuss the reasons for variations and identify improvements to structural analysis software 
package/s and provide conclusions. 
If time and resources permit 
7. Analyze additional site locations and or structures for comparison 




6.2 Supporting Documents 
 
Resources, Ethics, Risk Assessment and Timeline 
The resources I will require for this project is as follows: 
• Personal computer with Microsoft Windows & Microsoft Office 
• 1 x student license copy of SkyCiv software 
• 1 x student license copy of ClearCalcs software 
• 1 x hard/soft copy of AS1170.2 
• Access to the internet 
• Books, manuals and specifications  
I currently have access to the above resources through both current employment and for personal 
interest. I estimate the time to complete this project to be 320 hours, which will satisfy the course 
requirements and be achievable for me, as I have studied at USQ for 6 years and have no other 
coursework to complete in 2020. 
 The USQ code of conduct and Engineers Australia code of ethics will be adhered to throughout the 
research project. 
The project is a desktop-based study; thus, it is not likely that the standard model for risk assessment 
or safety related issued during the analysis of design applies. That being said, the following items have 
been noted as potential safety issues using a generic minimum WHS industry standard work safety 










6.3 Review of AS1170.2 
 
Figure 32 - Reference height of structures (AS1170.2) 
Directions: 
Site wind speed is taken at eight cardinal directions (β) where: 
• North (N) = 0° 
• North East (NE) = 45° 
• East (E) = 90° 
• South East (SE) = 135° 
• South (S) = 180° 
• South West (SW) = 225° 
• West (W) = 270° 
• North West (NW) = 315° 
Design wind speed is taken at four building directions (ϴ) where: 
• Front = 0° 
• Right = 90° 
• Back = 180° 
• Left = 270° 
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Site and design speeds are considered for both ultimate and serviceability limit state criteria. 
 
 
Figure 33 - Relationship of wind directions and building orthogonal axes (AS1170.2) 
 
Calculation strategy: 
There are two equations which guide the calculation process these are the: 
• Site wind speed (Vsit, β), which allows for the eight cardinal directions (β) at a reference 










Figure 34 - Site Wind Speed formula (AS1170.2) 
 
The site wind speed is then converted into a design wind speed (Vdes, ϴ), which is based on building 
orientation. The design wind speed is taken as the maximum cardinal direction site wind speed (Vsit, 
β) interpolated between cardinal points within a section +/- 45° to the face of the building. From the 
eight site wind speeds, four design wind speeds are calculated. 
For ultimate limit states (Vdes, ϴ) must be greater than 30m/s. It is common industry practice, and 
conservative to design a structure using the design wind speed and terrain multipliers for the worst 
direction. 
 





• Design wind pressure (p), which is the actual pressure to be applied to the structure. 
 
Figure 36 - Design wind pressure formula (AS1170.2) 
 
Now the two equations which govern the overall calculation strategy for wind load design have been 
briefly discussed, each component will be addressed. The component being explained has been 
highlighted red for clarity. 
 
To determine regional wind gust speed the importance level and annual probability of exceedance 
need to be determined, both can be found in appendix F of AS1170.0:2002.  
The importance level of a structure is determined in accordance with its occupancy use. Where a 
building, structure of use is not specifically mentioned it is left to the discretion of the designer to set 




Table 2 - Structure types for importance levels (AS1170.0) 
Once an importance level has been determined, the annual probability of exceedance of the design 
events for ultimate limit states is referenced. For a typical structure, such as a residential dwelling, the 
design working life is considered 50 years, this coincides with importance level 2.  
 




The annual probability of exceedance for ultimate limit state wind for a design working life of 50 years, 
importance level 2 is 1/500 or 0.2%. The next step to determine regional wind gust speed (Vr) is to 
refer to figure 3.1 of AS1170.2 and select a wind region based upon location. It is noted region A is 
subdivided into 7 regions. 
 
Figure 37 - Wind regions (AS1170.2) 
 
Upon determination of the wind region, regional wind gust speed (Vr) can be calculated by referring 
to table 3.1 of AS1170.2. Using the example above, where the average recurrence interval (R) = 1/500 
and assuming region A1, the value of Vr is given as 45m/s. It is important to note this value is the 
ultimate wind design speed only.  
To determine the value of the serviceability wind design speed, a value of 1/25 is taken for annual 
probability of exceedance for all design working life and importance levels. Again, using the above 






Table 4 - Regional wind speeds (AS1170.2) 
 
It is important to remember Vr is the non-directional regional wind gust speed. For cyclonic regions, 
an additional factor is applied to allow for the uncertainty in the prediction of design wind speeds in 
tropical cyclone areas. Where R > 50 years, Fc = 1.05 and Fd = 1.1. Where R < 50 years, Fc = Fd = 1.0. 
Due to R > 50 years, these values are used in ultimate, but not serviceability calculations. 
 
 
The wind direction multiplier (Md) for all directions in regions B, C and D is taken as Md = 0.95 for 
determining wind actions on major structural elements or complete structures and Md = 1.0 for all 
other actions (cladding, intermediate supporting members). For regions A1 to A7 and W, table 3.2 of 





Table 5 - Wind direction multiplier (AS1170.2) 
 
 
The terrain / height multiplier (Mz, cat) allows for the variation of height (z) and the effect of terrain 
roughness on wind speed. Terrain roughness is quantified in clause 4.2.1 of AS1170.2. It is 
recommended the designer allow for future changes to terrain roughness, for example land clearing, 
removal of grass lands due to drought. There are six terrain categories in total, only three have been 
shown below. 
 




Once both height and terrain category have been established, table 4.1 of AS1170.2 can be referenced 
to determine the terrain / height multiplier (Mz, cat). For example, a reference height of z = h = 25m 
combined with terrain category 3 (TC3) will give Mz, cat = 0.97. Intermediate values of height or terrain 
categories must be interpolated. 
 
Table 6 - Terrain / height multipliers (AS1170.2) 
 
If the terrain category varies upwind for any wind direction, an averaging of terrain categories is 
adopted. An example is shown below. 
 







The shielding multiplier (Ms) allows for shielding that may be provided by upwind building / structures. 
Shielding from trees / vegetation is not permitted by AS1170.2. The shielding multiplier (Ms) = 1.0 
where the upwind ground gradient is greater than 0.2 (20%) or where shielding is not applicable for a 
particular wind direction or is ignored (conservative). 
It is important to note that only buildings within a 45° sector radius and distance of 20h, with a height 
> h are deemed to provide shielding. 
Shielding parameters for a particular wind direction are calculated according to the following: 
 
Figure 40 - Shielding parameters (AS1170.2) 
Upon calculation of the shielding parameter (s), the shielding multiplier (Ms) is given by table 4.3 of 
AS1170.2. Intermediate values of shielding parameter (s) must be interpolated. 
 




The topographic multiplier (Mt) is taken as follows: 
 
Figure 41 - Topographic multipliers (AS1170.2) 
 
The lee (effect) multiplier (Mlee) is only applicable to New Zealand and the nominated site locations 
for this project are neither in Tasmania nor New Zealand. Therefore, the topographic multiplier (Mt) 
will be equal to the hill shape multiplier (Mh), Mt = Mh. 
 The hill shape multiplier (Mh) is assessed for each cardinal direction (β), i.e. eight times, taking into 
account the most extreme gradient that occurs within 22.5° either side of each cardinal direction being 




Figure 42 - Hill shape multiplier equations (AS1170.2) 
 
For the cases where x and z = 0, the value of Mh is given in the following table: 
 






Figure 43 - Hill shape multiplier general arrangements (AS1170.2) 
 
Site wind speed (Vsit, β), which allows for the eight cardinal directions (β) at a reference height (z) 
above the ground and includes topographic and geographic considerations has now been clarified in 
detail.  
The site wind speed is then converted into a design wind speed (Vdes, ϴ), which is based on building 
orientation. The design wind speed is taken as the maximum cardinal direction site wind speed (Vsit, 
β) interpolated between cardinal points within a section +/- 45° to the face of the building. From the 




Design wind pressure (p), which is the actual pressure to be applied to the structure is now ready to 
be calculated. The design wind pressure is determined for structures using the following formula: 
  
The first two terms are constants, as outlined previously. The last term, dynamic response factor will 
not be used to determine wind actions and will be assumed the structure/s have a natural frequency 
greater than 1 Hz, therefore Cdyn = 1. 
This leaves the only remaining unknown in the above equation as the aerodynamic shape factor (Cfig). 
The procedure for calculating Cfig is outlined in section 5 of AS1170.2, and it is substantial. This is due, 
in general, to buildings having external and internal surfaces, where pressures will differ, acting at the 
same time. The wind action effect used for design is the sum of all values applied to a particular 
surface. AS1170.2 generally provides guidance for values for enclosed rectangular buildings, which 
may include buildings made from rectangular shapes. For other shaped buildings, including exposed 
members, lattice towers, free standing walls and roofs and other structures guidance is provided in 
appendices C to F. This report will only be reviewing section 5. 
Sign conventions for Cfig are as follows: 
 





The aerodynamic shape factors which will be reviewed and calculated are the internal (Cfig,i) and 
external (Cfig,e) pressures as described by the following: 
 








The equation which governs the overall calculation strategy for design wind pressure has been briefly 
discussed, now, each component will be addressed. The component being explained has been 
highlighted red for clarity. 
 
Internal pressure is deemed to be a function the external pressures and leakage and openings in the 
external surfaces of the building. There are two alternate methods of calculation for (Cfig,i). First, the 
definition of permeability and opening need to be defined. 
The permeability of a surface is calculated by adding areas of openings prone to leakage on that 
surface of a building, for example vents, gaps in windows etc. 
• An impermeable surface is considered as a surface having a ratio of total open area to total 
surface area < 0.1%. 
• A permeable surface is considered as a surface having a ratio of total open area to total surface 
area of between 0.1% and 0.5% 
• Any surface having a ratio of open areas > 0.5% is deemed to have large openings. 
If the design case is such that potential openings (doors, windows etc.) have wall openings less than 
5% of the wall area and the roof is impermeable table 5.1 (A) of AS1170.2 is referenced. 
 
Table 9 - Internal pressure coefficient (AS1170.2) 
73 
 
If the design case is such that potential openings (doors, windows etc.) have wall openings greater 
than 5% of the wall area and the roof is impermeable table 5.1 (B) of AS1170.2 is referenced. 
 
Table 10 - Internal pressure coefficient (AS1170.2) 
 
Table 5.1 (A) is used for all internal pressure coefficients for all cases, except ultimate limit state design 
for building below 25m in regions C & D. Where a building is located in region C & D, Table 5.2 (B) is 
referenced. This is due to the following: 
• Windborne debris is prevalent in cyclone areas 
• Majority of impact damage from windborne debris being less then 25m in height 
In any design event, combinations of openings are assumed to give internal pressures, which together 
with external pressures display the most adverse wind actions. In general, this appears to be the 
configuration (Cfig,i) = [-0.3, 0.0]. As outlined in section 3.2 the building will be modelled in two wall 
condition configurations: 
• All walls are sealed and have non-opening windows 
• Open plan interior with dominant opening on windward wall 
It is important to note that permeability ratio is different to the ratio as described in the first column 
of Tables 5.1 (A) and (B), which describes the ratio of openings on one surface to the sum of the total 





External pressure coefficients (Cfig,e) for the surfaces of rectangular enclosed buildings are given in 
tables 5.2 (A), 5.2 (B) and 5.2 (C) for walls and 5.3 (A), 5.3 (B) and 5.3 (C) for roofs. 
The parameters for rectangular enclosed building are as follows: 
 




Tables 5.2 (A) to 5.3 (C) appear straightforward and the variable parameters, such as height, roof 
shape, roof pitch and others are used to determine the applicable external pressure coefficient (Cfig,e). 
Tables 5.3 (B) and 5.3 (C) will not be required for calculation of the nominated structure type as the 
roof pitch is less than 10°. 
 
 
Table 11 - External pressure coefficients – windward wall (AS1170.2) 
 
 
The area reduction factor (Ka) is for roofs and sidewalls only. For all other cases Ka = 1.0. The area 
reduction factor accounts for locally high wind loads averaging out over a surface and is dependent 
on the calculated tributary area (A) of the element being considered. Ka will be applicable to both the 
roof and side walls of structure type 1. The side walls of  structure type 1 are 9.1m x 4m = 36.4m², 
which equivalates to Ka = 0.8848 via interpolation. 
 
 





The action combination factor (Kc) allows for a combination of surfaces, and in turn, structural 
elements to contribute in reducing the forces induced by wind action. All the wind loads calculated 
are worst-case, and it’s not always reasonably possible for the worst to occur on every surface at once. 
So, for designing a system, such as a portal frame, effected by multiple surfaces, there are combination 
factors that can be used to reduce loads. 
Kc will be applicable as both an internal (Kc,i) and external (Kc,e) pressure coefficient to structure type 
1. Structure type 1 is essentially a rectangle, and it is assumed the design will conform to AS1684.2 
(residential timber framing code), where the roof trusses or rafters will be connected to the load 
bearing walls by shear connectors, which will induce a transfer of wind loads to four effective surfaces, 
in both the windward, and side wall directions. Based on this assumption Kc,e = Kc,i = 0.8. 
 




The local pressure factor (Kl) is taken as Kl = 1.0 in all cases except when determining the wind forces 
applied to cladding, their fixing and members that directly support cladding. Where this is relevant, 
the local pressure factor = 1.0 or the value is determined from table 5.6 of AS1170.2 as shown below. 
Kl accounts for the leading edge having much higher pressures. The software selected for comparison, 
both SkyCiv and ETABS does not allow for the computation of local pressure factors, therefore it will 
not be calculated in the hand calculations to keep consistency for later comparison. 
 
Table 14 - Local pressure factor (AS1170.2) 
 
Reduction factors (Kr) for parapets and (Kp) for permeable cladding may be applicable to buildings 
and structures, as there are no parapets or permeable claddings on structure type 1 , so these 








Up to now, all loads have been applied perpendicular to the surface. If the building or structure is long, 
compared to either breadth or height, a frictional force is also applied parallel to that surface. 
The limit of application is as follows: 
• d/h > 4 or d/b > 4 
For structure type 4, the respective ratios are 2.275, 0.64 < 4 therefore frictional drag is not applicable 
and will be ignored for this project. 
 
Finally, it is time to sum up the procedure for the calculation of wind pressures on buildings and 
structures. AS1170.2 Wind design requires the following procedures: 
• Wind speed: regional speed > direction and topographic factors > orientation 
 
• Internal pressures: permeability > openings ratios > refer tables 
 
• External pressures: Windward, leeward, side walls + roof slope 
 
The final step is to combine internal and external pressures acting simultaneously on a surface to give 
the net pressure, which is a major component of this research project in comparing hand calculations 









































Site location 1 
Street Address:  379 Macquarie Street, Dubbo, NSW, 2830 
Co-ordinates:  Latitude 32° 16’ 07.48” S | Longitude 148° 36’ 13.73” E 
Elevation:  261m AHD 
Description:  Residential area with the Western side bordering the Macquarie River. 
Western side is also on the outer fringe of an urban area. Flat to slightly undulating country, falling 
towards the Macquarie River. Previous land use known to be farmland, approximately 300km from 
ocean. 
Importance Level: 2 
Design life:  50 years 
AEP:   1/500 
Region:   A1 
Vr (500) =   45m/s 
Md:   Using table 4.1 
(β) North (N) = 0.9 
(β) North East (NE) = 0.8 
(β) East (E) = 0.8 
(β) South East (SE) = 0.8 
(β) South (S) = 0.85 
(β) South West (SW) = 0.95 
(β) West (W) = 1.00 
(β) North West (NW) = 0.95 
 
Mz, cat =  0.87 [TC2.5, z = h = 4.0m] 
 
 
Ms =   0.85 (N, S, W). 1.0 (E) 
Shielding only applicable to North, South and West cardinal directions 
hs = 3.5m, bs = 18.0m, h = 4.0m, ns (max) = 2.0 
ls = hs (10 / ns +5) >>> 3.5 (10 / 2.0 + 5) = 35 
s = ls / sqrt (hs * bs) >>> 35 / sqrt (3.5 * 18) = 4.41 
using interpolation table 4.3 Ms = 0.85 (N, S, W). Ms = 1.0 (E) 
Mt = Mh =  1.0 
Google earth elevation profile was used to determine Mh for four cardinal 
directions: (β) North (N), (β) East (E), (β) South (S), (β) West (W). 
 Worst case (β) East (E) and/or (β) West (W)  
H = 15.2, Lu = 735 
H / 2 * Lu = 0.01 < 0.05 therefore Mh = 1.0   
Site wind speed (Vsit, β), which allows for the eight cardinal directions (β) at a reference height (z) 
above the ground and includes topographic and geographic considerations. For ease of calculations 







Vsit, β (North) = 45 * 0.9 * 0.87 * 0.85 * 1.0 = 29.9m/s < 30 m/s therefore use 30m/s 
Vsit, β (East) = 45 * 0.8 * 0.87 * 1.0 * 1.0 = 31.3m/s > 30 m/s therefore OK 
Vsit, β (South) = 45 * 0.85 * 0.87 * 0.85 * 1.0 = 28.3m/s < 30 m/s therefore use 30m/s 
Vsit, β (West) = 45 * 1.0 * 0.87 * 0.85 * 1.0 = 33.3m/s > 30 m/s therefore OK 
 
Vdes, ϴ = Vsit, β (for building orthogonal design wind speeds), therefore: 
Vdes, ϴ (North) = 30m/s 
Vdes, ϴ (East) = 31.3m/s 
Vdes, ϴ (South) = 30m/s 















The aerodynamic shape factors which will be reviewed and calculated are the internal (Cfig,i) and 









Design case 1:  
Note: Windward wall is facing North 
 
Cfig, i =    -0.3 or 0 (whichever is greater)  
Cfig, e =   Windward wall    0.7 
   Leeward wall   -0.4 
   Side wall (0h to 1h)  -0.65 
   Side wall (1h to 2h)  -0.5 
Side wall (0h to 1h)  -0.3 
   Upwind Roof (0h to 1h)  -0.9, -0.4 
   Upwind Roof (1h to 2h)  -0.5, 0 
   Upwind Roof (2h to 3h)  -0.3, 0.1 
Note: downwind roof coefficient values are the same as upwind values and 
crosswind values. 
Ka =    Roof   1.0 
   Side walls 1.0 
Kc,e = Kc,i =   0.8 
Note: Ka*Kc,e / Kc,i must be greater than 0.8, therefore Ka = 1.0 







Design wind pressure (p), which is the actual pressure to be applied to the structure. 
 
Cfig, i =        -0.3 * 0.8 = -0.24 or 0 
Cfig, e =   Windward wall    0.7 * 0.8 * 1.0 = 0.56 
   Leeward wall   -0.4 * 0.8 * 1.0 = -0.32 
   Side wall (0h to 1h)  -0.65 * 1.0 * 0.8 * 1.0 = -0.52 
   Side wall (1h to 2h)  -0.5 * 1.0 * 0.8 * 1.0 = -0.40 
Side wall (2h to 3h)  -0.3 * 1.0 * 0.8 * 1.0 = -0.24 
   Upwind Roof (0h to 1h)  -0.9 * 1.0 *0.8 * 1.0 = -0.72 
   Upwind Roof (1h to 2h)  -0.5 * 1.0 *0.8 * 1.0 = -0.40 
   Upwind Roof (2h to 3h)  -0.3 * 1.0 *0.8 * 1.0 = -0.24 







Pressure normal to b (along d / L) 
p (windward)     (0.5 * 1.2) * (30)² * [0.56 - (-0.24)] = 432 Pa  
p (leeward)      (0.5 * 1.2) * (30)² * [-0.32 + (-0.24)] = -302.4 Pa 
 
p (sidewall)   Side (0h to 1h)  (0.5 * 1.2) * (30)² * [-0.52 + (-0.24)] = -410.4 Pa  
   Side (1h to 2h)  (0.5 * 1.2) * (30)² * [-0.40 + (-0.24)] = -345.6Pa 
Side (2h to 3h)  (0.5 * 1.2) * (30)² * [-0.24 + (-0.24)] = -259.2 Pa 
 
P (roof)   Upwind  (0h to 1h) (0.5 * 1.2) * (30)² * [-0.72 + (-0.24)] = -518.4 Pa 
   Upwind  (1h to 2h) (0.5 * 1.2) * (30)² * [-0.40 + (-0.24)] = -345.6 Pa 
   Upwind  (2h to 3h) (0.5 * 1.2) * (30)² * [-0.24 + (-0.24)] = -259.2 Pa 






Site location 2: 
Street Address:   10 Lakeside Drive, Peregian Springs, QLD, 4573 
Co-ordinates:  Latitude 26° 29’ 44.56” S | Longitude 153° 04’ 07.68” E 
Elevation:  21m AHD 
Description:  Residential area with the Northern side bordering a golf course. Flat to 
undulating country, falling towards a nearby lake. Previous land use unknown, assumed to be natural 
bushland prior to development, approximately 2.7km from ocean (Coral Sea). 
 
Importance Level: 2 
Design life:  50 years 
AEP:   1/500 
Region:   B 
Vr (500) =   57m/s 
Md:   Using table 4.1 
(β) North (N) = 0.95 
(β) North East (NE) = 0.95 
(β) East (E) = 0.95 
(β) South East (SE) = 0.95 
(β) South (S) = 0.95 
(β) South West (SW) = 0.95 
(β) West (W) = 0.95 
(β) North West (NW) = 0.95 
 




Ms =   0.806 (S, E, W)  1.0 (N) 
Shielding only applicable to South, East and West cardinal directions 
hs = 3.5m, bs = 24.0m, h = 4.0m, ns (max) = 3.0 
ls = hs (10 / ns +5) >>> 3.5 (10 / 3.0 + 5) = 29.2 
s = ls / sqrt (hs * bs) >>> 29.2 / sqrt (3.5 * 24) = 3.19 
using interpolation table 4.3 Ms = 0.806 (S, E, W). Ms = 1.0 (N) 
Mt = Mh =  1.0 
Google earth elevation profile was used to determine Mh for four cardinal 
directions: (β) North (N), (β) East (E), (β) South (S), (β) West (W). 
 Worst case (β) North (N) and/or (β) South (S)  
H = 29.7, Lu = 699 
H / 2 * Lu = 0.0212 < 0.05 therefore Mh = 1.0  
 
Site wind speed (Vsit, β), which allows for the eight cardinal directions (β) at a reference height (z) 
above the ground and includes topographic and geographic considerations. For ease of calculations 







Vsit, β (North) = 57 * 0.95 * 0.83 * 1.0 * 1.0 = 44.9m/s > 30 m/s therefore OK 
Vsit, β (East) = 57 * 0.95 * 0.83 * 0.806 * 1.0 = 36.2m/s  
Vsit, β (South) = 57 * 0.95 * 0.83 * 0.806 * 1.0 = 36.2m/s  
Vsit, β (West) = 57 * 0.95 * 0.83 * 0.806 * 1.0 = 36.2m/s 
 
Vdes, ϴ = Vsit, β (for building orthogonal design wind speeds), therefore: 
Vdes, ϴ (North) = 44.9m/s 
Vdes, ϴ (East) = 36.2m/s 
Vdes, ϴ (South) = 36.2m/s 














The aerodynamic shape factors which will be reviewed and calculated are the internal (Cfig,i) and 









Design case 1:  
Note: Windward wall is facing North 
 
Cfig, i =    -0.3 or 0 (whichever is greater)  
Cfig, e =   Windward wall    0.7 
   Leeward wall   -0.4 
   Side wall (0h to 1h)  -0.65 
   Side wall (1h to 2h)  -0.5  
Side wall (0h to 1h)  -0.3 
   Upwind Roof (0h to 1h)  -0.9, -0.4 
   Upwind Roof (1h to 2h)  -0.5, 0 
   Upwind Roof (2h to 3h)  -0.3, 0.1 
Note: downwind roof coefficient values are the same as upwind values and 
crosswind values. 
Ka =    Roof   1.0 
   Side walls 1.0 
Kc,e = Kc,i =   0.8 
Note: Ka*Kc,e / Kc,i must be greater than 0.8, therefore Ka = 1.0 







Design wind pressure (p), which is the actual pressure to be applied to the structure. 
 
Cfig, i =        -0.3 * 0.8 = -0.24 
Cfig, e =   Windward wall    0.7 * 0.8 * 1.0 = 0.56 
   Leeward wall   -0.4 * 0.8 * 1.0 = -0.32 
   Side wall (0h to 1h)  -0.65 * 1.0 * 0.8 * 1.0 = -0.52 
   Side wall (1h to 2h)  -0.5 * 1.0 * 0.8 * 1.0 = -0.40 
Side wall (2h to 3h)  -0.3 * 1.0 * 0.8 * 1.0 = -0.24 
   Upwind Roof (0h to 1h)  -0.9 * 1.0 *0.8 * 1.0 = -0.72 
   Upwind Roof (1h to 2h)  -0.5 * 1.0 *0.8 * 1.0 = -0.40 
   Upwind Roof (2h to 3h)  -0.3 * 1.0 *0.8 * 1.0 = -0.24 








Pressure normal to b (along d / L) 
p (windward)     (0.5 * 1.2) * (44.9)² * [0.56 - (-0.24)] = 967.7 Pa  
p (leeward)      (0.5 * 1.2) * (44.9)² * [-0.32 + (-0.24)] = -677.4 Pa 
 
p (sidewall)   Side (0h to 1h)  (0.5 * 1.2) * (44.9)² * [-0.52 + (-0.24)] = -919.3 Pa  
   Side (1h to 2h)  (0.5 * 1.2) * (44.9)² * [-0.40 + (-0.24)] = -774.1 Pa 
Side (2h to 3h)  (0.5 * 1.2) * (44.9)² * [-0.24 + (-0.24)] = -483.8 Pa 
 
P (roof)   Upwind  (0h to 1h) (0.5 * 1.2) * (44.9)² * [-0.72 + (-0.24)] = -1,162.2 Pa 
   Upwind  (1h to 2h) (0.5 * 1.2) * (44.9)² * [-0.40 + (0.24)] = -774.1 Pa 
   Upwind  (2h to 3h) (0.5 * 1.2) * (44.9)² * [-0.24 + (0.24)] = -483.8 Pa 





Site location 3: 
Street Address:   2 Goode Street, Port Hedland, WA, 3721 
Co-ordinates:  Latitude 20° 18’ 02.45” S | Longitude 118° 38’ 18.06” E 
Elevation:  13m AHD 
Description:  Residential area with the Northern side bordering the Indian Ocean. Flat to 
slightly undulating country, falling towards Indian Ocean. The Eastern side is bound by a sand dune, 
which also opens to the ocean. Previous land use unknown, assumed to be natural bushland prior to 
development, approximately 240m from ocean. 
 
Importance Level: 2 
Design life:  50 years 
AEP:   1/500 
Region:   D 
Vr (500) =   80m/s * Fd (1.1) = 88m/s 
Md:   Using table 4.1 
(β) North (N) = 0.95 
(β) North East (NE) = 0.95 
(β) East (E) = 0.95 
(β) South East (SE) = 0.95 
(β) South (S) = 0.95 
(β) South West (SW) = 0.95 
(β) West (W) = 0.95 
(β) North West (NW) = 0.95 
 




Ms =   0.845 (S, W)  1.0 (N, E) 
Shielding only applicable to South, West cardinal directions 
hs = 3.5m, bs = 15.0m, h = 4.0m, ns (max) = 2.5 
ls = hs (10 / ns +5) >>> 3.5 (10 / 2.5 + 5) = 31.5 
s = ls / sqrt (hs * bs) >>> 31.5 / sqrt (3.5 * 15) = 4.35 
using interpolation table 4.3 Ms = 0.845 (S, W). Ms = 1.0 (N,E) 
Mt = Mh =  1.0 
Google earth elevation profile was used to determine Mh for four cardinal 
directions: (β) North (N), (β) East (E), (β) South (S), (β) West (W). 
 Worst case (β) East (E) and/or (β) West (W)  
H = 16, Lu = 321 
H / 2 * Lu = 0.0249 < 0.05 therefore Mh = 1.0  
 
Site wind speed (Vsit, β), which allows for the eight cardinal directions (β) at a reference height (z) 
above the ground and includes topographic and geographic considerations. For ease of calculations 





Vsit, β (North) = 88 * 0.95 * 0.97 * 1.0 * 1.0 = 81.1m/s > 30 m/s therefore OK 
Vsit, β (East) = 88 * 0.95 * 0.97 * 1.0 * 1.0 = 81.1m/s  
Vsit, β (South) = 88 * 0.95 * 0.97 * 0.845 * 1.0 = 88.8m/s  
Vsit, β (West) = 88 * 0.95 * 0.97 * 0.845 * 1.0 = 88.8m/s 
 
Vdes, ϴ = Vsit, β (for building orthogonal design wind speeds), therefore: 
Vdes, ϴ (North) = 81.1m/s 
Vdes, ϴ (East) = 81.1m/s 
Vdes, ϴ (South) = 88.8m/s 















The aerodynamic shape factors which will be reviewed and calculated are the internal (Cfig,i) and 









Design case 1:  
Note: Windward wall is facing North 
 
Cfig, i =    -0.3 or 0 (whichever is greater)  
Cfig, e =   Windward wall    0.7 
   Leeward wall   -0.4 
   Side wall (0h to 1h)  -0.65 
   Side wall (1h to 2h)  -0.5  
Side wall (0h to 1h)  -0.3 
   Upwind Roof (0h to 1h)  -0.9, -0.4 
   Upwind Roof (1h to 2h)  -0.5, 0 
   Upwind Roof (2h to 3h)  -0.3, 0.1 
Note: downwind roof coefficient values are the same as upwind values and 
crosswind values. 
Ka =    Roof   1.0 
   Side walls 1.0 
Kc,e = Kc,i =   0.8 
Note: Ka*Kc,e / Kc,i must be greater than 0.8, therefore Ka = 1.0 







Design wind pressure (p), which is the actual pressure to be applied to the structure. 
 
Cfig, i =        -0.3 * 0.8 = -0.24 
Cfig, e =   Windward wall    0.7 * 0.8 * 1.0 = 0.56 
   Leeward wall   -0.4 * 0.8 * 1.0 = -0.32 
   Side wall (0h to 1h)  -0.65 * 1.0 * 0.8 * 1.0 = -0.52 
   Side wall (1h to 2h)  -0.5 * 1.0 * 0.8 * 1.0 = -0.40 
Side wall (2h to 3h)  -0.3 * 1.0 * 0.8 * 1.0 = -0.24 
   Upwind Roof (0h to 1h)  -0.9 * 1.0 *0.8 * 1.0 = -0.72 
   Upwind Roof (1h to 2h)  -0.5 * 1.0 *0.8 * 1.0 = -0.40 
   Upwind Roof (2h to 3h)  -0.3 * 1.0 *0.8 * 1.0 = -0.24 








Pressure normal to b (along d / L) 
p (windward)     (0.5 * 1.2) * (88.8)² * [0.56 - (-0.24)] = 3,785 Pa  
p (leeward)      (0.5 * 1.2) * (88.8)² * [-0.32 + (-0.24)] = -2,649.5 Pa 
 
p (sidewall)   Side (0h to 1h)  (0.5 * 1.2) * (88.8)² * [-0.52 + (-0.24)] = -3,595.8 Pa  
   Side (1h to 2h)  (0.5 * 1.2) * (88.8)² * [-0.40 + (-0.24)] = -3,028 Pa 
Side (2h to 3h)  (0.5 * 1.2) * (88.8)² * [-0.24 + (-0.24)] = -2,271 Pa 
 
P (roof)   Upwind  (0h to 1h) (0.5 * 1.2) * (88.8)² * [-0.72 + (-0.24)] = -4,542 Pa 
   Upwind  (1h to 2h) (0.5 * 1.2) * (88.8)² * [-0.40 + (0.24)] = -3,028 Pa 
   Upwind  (2h to 3h) (0.5 * 1.2) * (88.8)² * [-0.24 + (0.24)] = -2,271 Pa 
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